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1.0 BACKGROUND

This report presents new graphical analysis of data originally collected and analyzed by Bertoni (1967).

Bettoni's study started with a pilot program conducted from April 1965 to October 1966 to collect actual

inflight line-of-sight (LOS) observations. In a pilot program, 72,M(X) observations were gathered and

described by Bertoni. Results of this program provided genuine insight into problems related to Air Force

reconnaissance, and search and track, and also provided an initial understanding of the "seeing"

environment in which some military electro-optical systems would have to function.

It was determined from the pilot program that realistic estimates of the probability of clear, cloud-free,

and hazy lines of sight could be derived from a large sampling of actual inflight observations. Such

estimates are required in systems design for determining the utility of optical and infrared weapon, search,

track, communication, and target detection systems. The estimates are also required for operational

planning.

Consequently, a major effort carried out over a 5-year period from 1969-1974 was initiated. The data used

for this paper were the data gathered during the subsequent follow-on program (Bertoni, 1967). The new

graphical analysis of the LOS data presented here is meant to provide easily understood statistical

information on the effects of cloudy and hazy LOS.

2.0 THE DATA BASE

The data base, known as the 5-year Bertoni LOS data base, consists of 265,280 inflight observations that

were mostly obtained over the Northern Hemisphere. Altitudes of observation were generally between

5,(XX) and 40,000 feet inclusive, although some observation heights exceeded 45,000 feet.

The observations were obtained using a clinometer during flights (see Figure I (a)). This instrument was

used to read cloudy LOS at a specific inclination angle. The observer would position the instrument at the

specified angle etched onto the transparent swivel inside the clinometer and observe the cloudy I.OS. If

no clouds were seen, the sighting would be marked "1" for clear; if clouds were observed, the sighting

would be marked "2" for cloudy. If haze was seen, the sighting would be labeled "3." For each

observation, cloudy LOS was recorded at inclination angles of 00 (horizontal view); 300 and 60' (i.e.,



viewing toward sky); -300 and -60° (viewing toward ground) as shown in Figure l(b). Most of the

observations were centered around the midseason months (January, April, July, and October).

Each sighting has a number of parameters associated with it. These parameters are day, month, year, time,

latitude, longitude, and altitude.

Because a tristate (cloudy, clear, and hazy) approach was used when assembling the data, two versions

of the original data set were assembled to derive the graphical analysis presented here: one with hazy

counted as a cloudy LOS condition and the other with hazy counted as a clear LOS condition. In some

cases, there are differences significant between the two analyses.

These data were originally tabulated and assembled on punched cards. Card images of the data were then

transferred to magnetic tape using the tape structure outlined in Table 1.

Tpl'Ie 1. Tape Structure Used To Transfer Data to Magnetic Tape

Tape Number M8892 (copy=M9488)
Tracks Nine
Density 1,600 B.P.I.
Label None
Files One

Logical Record 40 ASCII 8-Bit Characters
Block Size 4,000 Characters

The data format of a single 40-character logic record on tape is shown in Table 2.

Table 2. Data Format of a Single 40-Character Logic Record on Tape

Format Desription

12 Day
12 Month
12 Year
14 Time (HHMM) GMT
15 Latitude-lO0 (0- S to 1800 N)
is Longitude100 (0- to 3600 W)
i5 Altitude (teet)

511 Cloud cover indicators for inclination
Angles 00, 301, 600, -30 °, -60,0 respectively
May have values I = clear, 2 = cloudy, 3 = hazy
Blanks are missing date values

lox
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3.0 GRAPHICAL ANALYSIS

Two statistics are graphed in this report. The first is the probability of a cloudy LOS.

The second statistic is the correlation between lines of sight at different viewing angles. Thus, there is a

correlation between LOS at each possible pair of angles for which data existed.

Figures 2 through 69 show graphical analysis of these two statistics for various conditions of altitude,

latitude, and time. Time is further stratified by seasons, months, and time of day (Sun time).

3.1 CORRELATIONS

Computed correlation values between lines of sight at various inclination angles in the graphical analysis

are tetrachoric correlations. This is the appropriate type of correlation for a variable that is dichotomous,

i.e., cloudy or clear. A computer program to compute these tetrachoric correlations was implemented.

Occurrences of cloudy or clear events encountered in the LOS data at given inclination angles were

compared with LOS conditions seen at other angles and were tallied by the program into 2 x 2

contingency tables. On completion of the tallying process, the contingency tables were sent through a

tetrachoric correlation algorithm, Section 3.2, that computed the correlation for each given angular

condition. Ten different line fonts were used on the graphs to represent the 10 correlation curves

associated with each given angular condition. Thus, correlation of LOS conditions at 00 and -60', -300 ,

300, and 60' inclination angles are shown (then 300 and -600, -30', and 60' followed by 60' and -30' and

-60' and finally -30' and -600). Correlation curves representing each given angular condition are labeled

on the right side of each graph at an ordinate position closest to the last ordinate position of the respective

curve. A typical label like CORR (30, 60) simply means the correlation curve for LOS events between

lines of sight at inclination angles of 300 and 600.

3.2 TETRACHORIC CORRELATION

The tetrachoric correlation is a quantitative measure of the relationship between two dichotomous

variables. The tetrachoric correlation is defined as the correlation in a bivariate normal distribution that

would be produced if the continuous normal variables observed were reduced to binary variables by the

continuous variable being above or below a threshold. These binary variables can e displayed in a

3



2 x 2 contingency table. In Table 3, the letters a, b, c, and d are representative of the number of cases in

each group.

Table 3. Contingency Table

Below Above

Below a b

Above c d

Perhaps the following simplified example may give insight to tetrachoric correlation.

Suppose cloudy or clear LOS was determined only by measuring relative humidity along the LOS.

Suppose relative humidity along the LOS was normally distributed, and whenever the line averaged

relative humidity exceeded a threshold, a cloudy LOS would occur. Now, if all that can be observed is

cloudy or clear, can we calculate the correlation between line weighted relative humidity fir separate lines

if the original continuous variables are joint normally distributed? Tetrachoric correlation does exactly that.

Many approximations of the tetrachoric correlation have appeared over the years. For example, Panofsky

and Brier (1965) give as the formula for the tetrachoric correlation

This approximation is accurate when both variables have been dichotomized at the median. However, large

inadequacies (>20%) can occur where the variables have been dichotomized near the extremes.

This basic equation, e q.(!), is derived from the lirsl term of a Taylor series. Additional terms were added

in an algorithm written by A. Boehm of Hughes STX Corporation, which yields a highly accurate

estimation of correlation. A FORTRAN version of the algorithm is presented in Appendix A.

3.3 PROBABILITIES

Derived probability values that are used to define probability curves of cloudy ILOS are simply computed

by tallying the number of times cloudy or cloudy-hazy conditions were observed at one of the observing

inclination angles and dividing the total by the total number of observations. This probability is labeled

on the ordinate of each graph as PROBABILITY (CILOUDY/#DFGREES), which means probability of

cloudy LOS given the inclination angle, 0', 30', 600, -30", or -60". (The slash 1I on these graphs

4



represents "given." The traditional vertical bar lfr representing "given" was ;:ot available on the digital

plotter used to generate the graphs.) The probability curves are labeled on the right side of the graphs at

an ordinate position close to the last ordinate position of each curve. The label PROB (-30) means

probability curve of cloudy LOS given an observed inclination angle of -30' . The probability of a clear

LOS given one of the observable inclination angels is simply I.() minus the probability of cloudy LOS

at the same angle.

3.4 ALTITUDE

Figures 2 through 7 show correlation curves of cloudy or clear LOS conditions between inclination angles

at categorized altitudes of 0 to 5,0MX) ft, 6(XX) to 10,00M ft, and so on through category eight, which is

36,00) to 40,000 ft. The ninth category was used for altitudes above 40,000 ft. Two graphs using LOS

data archived for all latitudes were produced. The first represents results from the archived LOS data that

were modified to consider hazy LOS conditions as cloudy conditions, and the second shows results from

the archive where haze was considered a clear condition. Graphs are also presented showing results for

LOS data observed at latitudes above 300 N and 300 S.

Figures 8 through 13 show probability curves of cloudy LOS at given inclination angles of -600, -300, 00,

300, and 600 for the same sequence of altitude and latitude categories mentioned above. This set of graphs

clearly demonstrates the effect of the presence of haze along the LOS.

3.5 LATITUDE

Figures 14 through 25 show correlation and probability curves of LOS conditions for 16 latitude

categories. Because of sparse data sampling in the Southern Hemisphere, the category from -10*-00

actually includes all observations taken in that hemisphere. The next 13 categories are at 5-degree intervals

from the equator to the latitude of 650 N. The 14th category combines values from 65(' N-75' N, and the

last interval combines values from 75' N-90' N.

The graphs are further stratified into three altitude groups consisting of all altitudes, low altitudes (less

than or equal to 10,000 ft), and high altitudes (greater than 15,000 ft). Again, two sets of graphs were

created for each parameter group, one with hazy equals cloudy and the other with hazy equals clear.

5



3.6 TIME

Figures 26 through 69 show graphical analyses of correlations and probabilities of LOS conditions

between inclination angles for seasons, months, and Sun times.

3.6.1 Season

The seasons are comprised of four full 3-month intervals consisting of spring (March, April, and May);

summer (June, July, and August); fall (September, October, and November); and winter l)ecember.

January, and February).

The results (Figures 26 through 29) were generated using LOS data at all latitudes.

3.6.2 Month

The analysis by month was done in an attempt to find more detail not seen in the larger seasonal analysis.

Unfortunately, most of the sightings were centered around the midseason months January, April, July, and

October. The end result, Figures 30 and 31, is a group of points with a very small number of observations

and four data points that are quantified. Because of this, the distribution of the data could not satisfy a

two-parameter analysis (e.g., altitude and latitude). Instead, additional individual analyses were done.

Figures 32 through 49, for latitudes greater than or equal to 30 ° N, between 30' S and 30) N altitudes less

than or equal to 10,000 ft, and finally for altitudes greater than 15,0(X) ft.

3.6.3 Sun Time

Sun time was defined as mean solar time. Mean solar time takes longitude and Greenwich Mean Time

(GMT) into account. It is calculated by the equation

ST=GMT- (2)
15

Where:

GMT = Greenwich Mean Time
= Longitude in degrees West

ST = Mean Solar Time

6



(Negative STs are adjusted accordingly.)

Figures 50 through 69 show correlation and probability curves of LOS conditions for the Sun time

parameter. The curves are generated by combining L()S data for both altitude and latitude parameters as

defined at the top of each graph.

4.0 SUMMARY

The graphs presented in this report show the variations of probability and correlation of LOS at given

angles as a function of altitude, latitude, season, month, solar time, and haze.

These graphs are invaluable in designing, planning, and implementing the use of U.S. Air Force optical

and infrared sensors because the use of these sensors can be significantly affected by the presence of

clouds or haze.
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APPENDIX A

u URjtBI.fL\t TETRA FUJNC:TION WA9 w WRIIEN IN iPR3IC
H% V4 V31:P1 S**. !:V VS TEMS. I H J 4 '.OR RA~N VE RSJ 101

C Wf)S ADOPTED FOR THE CDC CYBER A0 Ull LO1IU10!
c PT J. F. WILLA.N). ST C'YS1EMST ON 0t1/03B

C

G~o OR PCUl CUlNT5.
c REF. BOUEHM 1976.: IR NSNORMAL IZ 1-UL: F:RESSON PNuPUKP.n~
f, PWST.-75 -2~59, P-24.

DTAk rPI- ./3~. 141 592&.53L.,/

b1c-soR (8*c)

IF: (PD). LE.. 0. 0. DR. B'C. L1E. 0. 0l) 50 TO 99~
-- ----- ---- FIRST LGUFSi -

XNq rfl-fH 1)~

I 3 (q+C)/XN
HP 1 NORM1(P1)

RI) l/ -0. . t

D n 1 - w -p"

ITURrIV SOL1.

'-'9 iE.N 0,0KR)-A

R

A-1



FUNCTION TFUNC(HLQ.fl)
DA~TA P1/3.141592E6 36/

C
L EUNORMAL SEC:TOR INTEGRAL.
C REF. YAMPUTI. 1/) STAT. IAB*.E.S A1ND Hfv1L)L W.1I'H LI

c APPtJICA'TL ONOJ. J AP STfVr. Y zLTh .

IF(ABS(HQ).LE.1.0E.-50)GO TO ,lb
1AI=4BES (A)

H1PlI*Ho

Pl1=. /A1

HH=H!*H /..

D1H=ALOG (HH)
SULM2:=EXP (--H
SUMI=1.-SUM,?
FACT=0 ,0

DO 10Z 3=.Eio

F A -r =r-, sc r - .U 3 x + iL.~ --i

SUML=SLM. +-EX>P,(ii+~1

SUM I =!'S;JM I +c2
1 F AS 0.-) . -T. i. Vk- - 10) GO 1 o A

~'CONTINUE
PRINI 100iZ.HU..P

ii:Z R~MA'r 'WUTFINL :AO) n1 1 F i. 4. 1 X. LDIU~J ilzF LL
ii -r=(PTAN (v i) -sum i*t-) / i . *p'I)

I F tAS (A . LE.1. 0) GO TO 13

HH=PNONM (~-H I

T = (PP+A-) *. f") H-

IFl N - T

,'dO T FUNC=P1$AN (A) . *Pj.

993 REIUIRN

(C)I2 . LT. 1F . VIL -. 13 ) i

I V INCZ:=:Y
FL S t.

f NL?.= FUNr:(A. /)

I: RN

A-2



C *********** -K*

V ENi\D 10 :LRJI4"BILITY

LL~iLILfI VL NOHMAI. -.

L INTKr-.$2l. L THE *,f (,rO 4kP NOPMA4 L LJ J

L. *~**2077 *E )* +5 *A **

1L CON1P*%;0 rf

t.. PROBAIfttLITY f+O EC,)LIVTh-ENT NORMFWIL DEVIPIE (END)

INVERSE [".IF sTPANDARD NoL.)f:fL. D1HTtRIF3U; ION
lIN [F~fRfYi ION FOUNO .(N PNOiNM.

X (((3. k .3 0 .A-9 * R- v-. L. i0i6 2'4) *R- Z3 0 i',3'3 I *R- B. 473% *>]

REIf LJP',J

10 '1F(t LP. . )1 E

R- I . -

ENDI F
IF R. LA~ . IZIE>'5 ZI.) R =I .O 0

(~ :.&A1 RN+ 4. 0-1.1 14Ax ) *R- J" -96.5) aN-t 787 16'3)
X ( .I~76l3*+.~.54-- B3; *hc+i.

AF (U. L r*t. 0) '1 iEN

f-NLRM- ---N

L~ L 3

END

FUNET f N -NO RM (U. V. k)

A-3



c
L COMPUTE 'THE INTEGRPL OF rHL. LUVARiATE NORMAL
L DISTRIBUTION UP TO L(M(!'V k2 iINE V.
L REF OWEN. 198e': A fABLE OF lJ.NLIHL iNTEG3R;L.S.
G CO3MMON TT r[.-IML--MU14.
c BS(4). 389~-4!9. EQ 3.1.

DATA PI/3.l4l5926536/

XK=-V
Y=(PNORM(H)-f-PNORM(XK) )/.

IF (XK. L.T. 0. . A-ND. H. G~E. ZI. )Y"-Y-. 5
Yx-Y--TFUNC2:(H. XK-R*H. H*SUR I (I. -R*R.,)

x TFUNC2 (XK. H-R*XK. XK*SQRTk 1. -RwN))
F LNORM=Y
RETURN

999 F*LNORM=.' -:5-+ASIN (R)/(2.*Pf-I)
RETURN
END

tf-Nu OF FILE
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